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Abstract In this study, 1,4-diazabicyclo[2.2.2] octane (DABCO) tribromide was immobilized on silica
support by using 3-chloro propyl trimethoxy silane to obtain a silica-supported DABCO tribromide
reagent. The synthesized reagent was characterized with elemental analysis, FT–IR spectroscopy, and
thermo-gravimetric analysis (TGA). This reagent has been applied in the conversion of alcohol to
corresponding carbonyl compounds. Alcohol oxidation reactions yield in 52–95%, and the reagent may
be recycled five times with further bromine treatment.
© 2013 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
Organic ammonium tribromides are stable, crystalline
solids, and capable of releasing a stoichiometric amount of
bromine [1,2]. In this category, DABCO tribromide is an
efficient, stable, and cheap organic ammonium tribromide,
which is used in oxidative cyclization of thiobenzanilides to
benzothiazoles [3], deprotection of dithioacetals [4], oxidative
coupling of benzyl cyanides [5] and regioselective bromination
of aromatic amines and phenols [6]. This reagent can be an
alternative electrophilic bromine source, and reduce dealing
with dangerous bromine. Moreover, different tribromide salts
have been used for different oxidation reactions such as thiols
to disulfides [7–9], sulfides to sulfoxides [10,11], and alcohols
to aldehydes and ketones [12,13].
On the other hand, the oxidation of alcohols to their corre-
sponding aldehydes and ketones is of significant importance
in organic chemistry, both for fundamental research and in-
dustrial manufacturing [14]. A variety of reagents has been
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oxide [15], morpholinium fluorochromate (VI) on silica gel [16],
and the mixture of H5IO6 and 2 mol% PCC [17].
Furthermore, the recovery and reuse of the reagent becomes
an important factor because of increasing ecological and
economical demands for sustainability. In the last few years,
numerous solid supports, such as polymers [18], silica [19],
and tetra aryl phosphonium [20] have been used to help
reagent recovery. Among different supports, silica materials
with many excellent properties, such as high thermal stability
and high surface area, are probably the most studied and
commonly used porous solids. In this article, we immobilized
DABCO tribromide on silica in order to recover this reagent.
We examined this Silica-Supported DABCO Tribromide (SSDT)
reagent in oxidation of alcohol to carbonyl compound. The
reusability of the reagent was also investigated.
2. Experimental
Chemicals were purchased from Merck Company. SSDT
reagent was characterized by FT–IR using ABB Bomem MB-
100 FTIR spectrophoto-meter. In addition, the decomposition
profile of the SSDT reagent was obtained by NETZSCH TG 209
TGA analyzer.
Synthesis of DABCO tribromide supported on MNPs.
A mixture of dry toluene (15 mL) and dried silica (Merck
mesh) (2.5 gr) was refluxed overnight after addition of
evier B.V. Open access under CC BY-NC-ND license.
F.M. Moghaddam et al. / Scientia Iranica, Transactions C: Chemistry and Chemical Engineering 20 (2013) 598–602 599Scheme 1: Reaction route for the preparation of SSDT.3-chloropropyltrimethoxysilane (2.5mL). TheCl-functionalized
silica was filtered and washed with each of toluene (30 mL)
and dichloromethane (30 mL) before being dried at 60 °C for
12 h. Then, DABCO (2.4 gr) was diluted in acetonitrile (40 mL),
and stirred with as prepared functionalized silica (2 gr) to ob-
tain DABCO chloride salt embedded on silica. For exchange
of the chloride counter ion with the bromide ion, the pre-
cipitate was stirred with a saturated KBr solution for two
days. We proved this exchange by the biamperometric titra-
tion method. In the last stage, DABCO-bromide salt immobi-
lized on silica was treated with molecular bromine (1 mL) di-
luted in dichloromethane (10 mL) for two days to obtain the fi-
nal DABCO tribromide silica support catalyst. A summary of this
procedure is shown in Scheme 1.
General procedure for alcohol oxidation to carbonyl compound.
SSDT reagent (1 mmol, 0.5 gr) was added to a solution
of alcohol (1 mmol) in acetonitrile (3 mL) and the mixture
was refluxed while the reaction was monitored by TLC. When
reaction completed, the reactionmixture was filtered, and then
washed with diethyl ether (10 mL). After solvent evaporation,
pure aldehyde or ketone was obtained. In general, this method
afforded the pure carbonyl compound in 52%–95% yields.
3. Results and discussion
A schematic picture of the reagent and the reaction
conditions is shown in Scheme 2. SSDT reagent has been
characterized with elemental analysis (CHN) which shows thatScheme 2: Oxidation reaction of different alcohols to the corresponding
carbonyl compounds.
there is 0.88mmol tribromide species per gram of SSDT reagent
(C: 9.49%, H: 1.925%, N: 1.705%).
The FT–IR spectrum of SSDT and SiO2 are presented in
Figure 1. For SSDT, the characteristic peak at 3022 cm−1
indicates aliphatic C–Hbond stretching, the signal at 1464 cm−1
represents aliphatic CH2 bending vibrations and the peak
at 1400 cm−1 shows stretching vibrations for the C–N
bond. Furthermore, Br3 exhibits a signal between 180 and
200 cm−1 [21] which is not detectablewith the FT–IR spectrum.
TGA and DTG analysis result of SSDT reagent are shown in
Figure 2. In this analysis, 6.36 mg of the sample were heated
up to 800 °C at 10 °C/min ramp in nitrogen atmosphere, and
weight loss was measured as a function of temperature. There
are two steps of weight reduction in the following temperature
ranges: one at 20–130 °C, and another at 130–840 °C. The first
loss of weight (2.12%) was related to the dehydratation of silica
600 F.M. Moghaddam et al. / Scientia Iranica, Transactions C: Chemistry and Chemical Engineering 20 (2013) 598–602Figure 1: FT–IR spectrum of SSDT and SiO2 .Figure 2: TGA analysis curve for SSDT.Table 1: Solvent optimization for Benzyl alcohol derivative.
Entry Solvent Isolated yield (%)
Room temp. Reflux
1 Ethyl acetate – 50
2 Dichloromethane 30 10
3 Tetrahydofurane – 20
4 Toluene 30 70
5 Dioxane – –
6 Acetonitrile – 95
7 Acetone – –
with the elimination of water molecules physically adsorbed
onto the surface. The second one was attributed to the thermal
decomposition of the organic group on the coating layer which
leads to 29.69% weight loss. Based on this weight loss there is
0.759mmol tribromide species per gram of SSDT reagentwhich
is in good agreement with the elemental analysis result.
Various solvents at different reaction temperature were
examined to obtain optimized reaction conditions (Table 1).
Solvent optimization shows that acetonitrile in reflux is the best
reaction condition (Table 1, entry 6).
For evaluation of the reagent capabilities, a broad range
of primary and secondary alcohol derivatives have been
employed under optimized reaction conditions. The results
are summarized in Table 2. According to this table, SSDT
reagent can convert alcohols with electronwithdrawing groupsScheme 3: Plausible mechanism for the oxidation of sulfides to sulfoxides.
(Table 2, entries 7, 10, 11) as well as electron donating groups
on aromatic moieties (Table 2, entries 3, 12, 13).
In order for reagent recovery, the solid residue of the
oxidation reaction was treated with molecular bromine to
regenerate the reagent. Isolated yields for oxidation of benzyl
alcohol to benzaldehyde using the regenerated reagent were
around 90% for five runs while the reaction times and yield
of the product remained virtually unchanged, establishing the
efficient recycling of the catalyst. Although the regeneration of
the reagent involves the addition of the molecular bromine,
the supported reagent is better than direct use of molecular
bromine as a result of safety issues [22].
To evaluate the catalytic capabilities of the reagent, we
examined 50%, 40%, 20% mol ratio of the reagent, but the
substrate conversationwas not acceptable even in the presence
of urea hydrogen peroxide. We suggest that it is related to the
mechanism of SSDT reagent function in oxidation of alcohol to
the carbonyl compound shown in Scheme 3. This mechanism
is just like the suggested mechanism by Kumar et al. [23,24].
As a result, one equivalent of alcohol needs one equivalent of
tribromide reagent.
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a All products were identified by comparison of their melting point with published data.Table 3: A comparison between our result and other reagents reported in
the literature for the oxidation of Benzyl alcohol to benzaldehyde.
Entry Reagent Time (h) Isolated
yield (%)
Ref.
1 SSDT 1 95 This work
2 Graphite oxide 2 98 [15]
3 Morpholinium Fluorochromate
(VI) on Silica Gel
20min 95 [16]
4 H5IO6 and 2 mol% PCC 2 72 [17]
In order to investigate the efficiency of our reagent in com-
parison with known reported procedures in the literature, the
results for the oxidation of benzyl alcohol to benzaldehyde, as
representative example, were compared with the best of the
well-known data from the literature as outlined in Table 3. Ac-
cording to this table, although yield value and reaction times
are comparable for all mentioned catalysts, our catalysts are
cheaper and easier to prepare and separate.4. Conclusion
Silica-Supported DABCO Tribromide (SSDT) reagent was
synthesized successfully. This reagent can convert alcohols
to pure carbonyl compounds in 52%–95% yields. In addition,
reagent is reusable, and can be recycled 5 times without loss
of activity.
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